Using a new technique, we derive general formulae for the rate of change of orbital parameters of an asteroid with negligible mass, perturbed by a massive planet (such as Jupiter) having a commensurable period. The relative strength of the perturbing force defines the perturbation parameter, but our results are also expanded in terms of both eccentricities (of the perturbing and the perturbed body) and the mutual inclination. This approach can serve as a valuable tool in the ongoing study of the so-called stable chaos, and may facilitate its ultimate explanation.
B A S I C A L G O R I T H M
The quaternion formulation of the corresponding perturbed Kepler problem (Vrbik 1995) is based on the following definition of the socalled modified time s, related to regular time t by is the so-called resonance variable, 2ba1 1 b 2 is the eccentricity of the asteroid, s p is a value of s at aphelion, and f , u (not appearing in the previous formula) and c are the three Euler angles of the orbital attitude.
Note that (1) is correct only to first-order (in 1) accuracy, sufficient for the purpose of this paper. Using s as the independent variable, one can then build formulae for the s derivative of the orbital parameters a, b, s p , f, u and c by computing the following.
(i) The perturbing force: 
where N is the numerator of r, and Z 1, Z 2 and Z 3 represent components of the slow rotation of the orbit, expressed in its own`Kepler' frame (the integration considers the orbital elements to be constant).
(iv) Finally,
We should reiterate that the above formulae, in their current form, produce only the first-order (1 -accurate) solution, and we should also mention that the`averaging principle' has been invoked. The latter implies that terms with frequencies not matching an integer multiple of the asteroid motion have been eliminated from the right-hand sides of (8)±(13).
One should note (Vrbik 1995) that it is not very difficult to modify the procedure so as to include the suppressed (oscillating) terms, and verify that their effect on the long-term development of the solution is negligible; similarly, one can extend the procedure to achieve a higher order-of-1 accuracy (one should realize that, in that case, it would be necessary to keep the fractional-frequency terms, as they lead to non-oscillating contributions at the 1 2 level).
In this paper, we confine ourselves to the first-order solution.
S M A L L -PA R A M E T E R A P P R O X I M AT I O N
There are two ways of dealing with the ds integration on the right-hand sides of equations (8), (9) and (14)± (17): it can be performed either numerically (the rectangular rule being the most accurate), or analytically, by first expanding the integrands in terms of all the other (in addition to 1) small parameters, i.e. b, g, u and a 2 1X The latter approach represents yet another approximation, but is very helpful in elucidating the main features of the resulting solution and clarifying the role of the individual parameters. The rather tedious algebra of the analytical approach is easily handled by the following mathematica program. The motion of an asteroid in resonance with Jupiter(i) The routine`fix' expands its argument in terms of b, g, u and a 2 1 up to and including terms proportional to b i g j u k a 2 1`Y where 2i 1 2j 1 k 1 2`# 2X It can be applied to an expression, say 
